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FINAL PROJECT REPORT 
Section A.  Project Snapshot 
Project Number and Title: Project 17-08/319, Mitigation of Erosion Impacts at Bartholomew’s 
Cobble and Naumkeag 
A1.  Project start date: March 2, 2017 
A2.  Date closed: September 30, 2019 
A3.  Basin and HUC 12 subwatershed: Housatonic Basin. Two HUC 12 subwatersheds: 
Housatonic mainstem Williams River to Konkapot River; Housatonic River Hop Brook to 
Williams River.  
A4.  Segment and/or waterbody number(s): MA21-20 Bartholomew’s Cobble, Sheffield, MA; 
MA21-19 Naumkeag, Stockbridge, MA. 
A5.  Status of waterbody (Category 5, etc.): Category 5 impaired for zebra mussels, phosphorus, 
PCB’s, and others.  
A6.  Priority Pollutant(s) targeted: Sediment 
A7.  Estimated Annual Pollutant removal (quantity, not percentage):  
N: 
P: 
Sediment: 452.06 lbs 
Bacteria: 
Other: 
Method of Determination and calculations: The Simple Method 
A8.  BMPs installed, number and type:  
Bartholomew’s Cobble: Bioretention basins – 7, checkdams (including rock roll, geogrid, brush 
fascine, log, riprap, and fabric dissipation checkdams) – approximately 100. 
Naumkeag: checkdams (rock roll, riprap) – approximately 50, daylighted channel – 1, drainage 
channel within agricultural field – 1, diversion berms – 2, repaired culvert -1, stone 
weirs/step pools - 14. 
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FINAL PROJECT REPORT 
Descriptive Project Summary 
MASSACHUSETTS DEPARTMENT OF ENVIRONMENTAL PROTECTION 
SECTION 319 PROJECT 17-08/319 
Section B:  
Project Title: Mitigation of Erosion Impacts at Bartholomew’s Cobble and Naumkeag 
NPS Category: Healthy Watersheds 
Investigator: The Trustees of Reservations 
Location:  Housatonic River Watershed 
Description: 
This project will restore valuable rare wetland species and wetland habitats at both sites. This 
project will implement measures that are suitable for the natural landscapes in the area and are 
effective, yet low cost, methods that public works departments and private organizations 
(particularly those with limited financial resources) could replicate with their own staff and 
equipment. In addition, measures will take into account the projected changes in storm frequency 
and intensity under the projected future climate. 
Project Goals: 
The goal is to implement a set of preventative and restorative measures which will reduce the 
ongoing erosion and runoff problems that have been exacerbated by the change in storm 
frequency and intensity due to climate change at two properties within the Housatonic 
Watershed.  
Project Tasks: 
Task 1: Quality Assurance & Project Evaluation: Provide information to facilitate evaluation and 
reporting of project success including sediment load reduction estimates and BMP 
documentation. 
Task 2: Design and construct stormwater BMPs above and below Weatogue Road at 
Bartholomew’s Cobble. 
Task 3: Design and construct stormwater BMPs at Naumkeag. 
Task 4: Develop and implement a long-term BMP operation and maintenance plan for both 
locations. 
Task 5: Education and outreach materials produced and shared. 
Project Cost: $338,088  
Funding:  $162,800 by the US EPA; $175,288 by The Trustees of Reservations 
PROJECT COMPLETE 
Duration: 2017 – 2019 
3
Section C:  Financial Summary 
The project was completed on budget (see Table 1), but with additional match being made due to 
generous support of a private foundation which assisted with the work around the historic 
barn at Naumkeag.  Following the Summary of the Project budget and actual 
expenditures (Table 1) is the original budget included in the Scope of Services (Table 2) 
and the Amended budget dated October 16, 2019 (Table 3).
Table 1: Summary of Project 17-08/319 budget and actual expenditures. 
Expense Items
s.319 Amount 
REVISED
BUDGET
s.319 Amount 
ACTUAL
Match 
BUDGET
Match 
ACTUAL
Total Amount 
BUDGET
Total 
Amount 
ACTUAL
Salary $1,614.22 $1,614.22 $41,389 $20,151 $56,189 $21,765 
Subcontractual Services $142,708.11 $142,708.11 $29,000 $141,823 $121,300 $284,531
Materials and Supplies $18,477.67 $18,477.67 $36,000 $11,005 $90,800 $29,483 
Travel: (for auto mileage 
only @ $.45/mile) $0.00 $2,025 $2,309 $2,925 $2,309 
$162,800.00 $162,800.00  $       108,414  $  175,288  $      271,214  $  338,088 
60% 48% 40% 52% 100%Totals:
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Table 2
Original Project Budget
Mitigation of Erosion Impacts at Bartholomew's Cobble and Naumkeag 
17-08/319
Expense Items s.319 Amount Match Total Amount 
Salary and Fringe $14,800 $41 ,389 $56, 189 
Stewardship Manager ($35-40/hour) 
Ecologist ($3 6-40/hour) 
Grant Administrator ($28-35/hour) 
Subcontractual Services 
Interim Stabilization Measures $ 8,000 $ 8,000 
Final Conservation Measure Plan (includes O&M) $20,000 $ 2,000 $22,000 
Mobilization, procurement, site layout, coordination $18,000 $18,000 
Clearing, grubbing, access, waste removal $10,000 $ 5,000 $ 15,000 
Bioengineering and Restoration Guidance $10,400 $10,400 
Construction Guidance $2 3,900 $2 3,900 
Construction $14,000 $14,000 
Development and Performance of Outreach Program $ 10,000 $10,000 
Subtotal $92,300 $ 29,000 $ 1 21,300 
Materials and Supplies 
Caps on culverts, piping, anchoring $10,000 $ 5,000 $ 15,000 
Filter fabric, stone/gravel, soil, cable, coir, rebar, $27,000 $20,000 $47,000 
and related materials 
Plant materials, seed, mulch $ 4,000 $ 3,000 $ 7,000 
MassDEP-Approved Signage $ 1,800 $ 1,800 
Inlet, overflow structure, perforated piping $12,000 $ 8,000 $20,000 
Subtotal $ 54,800 $36,000 $90 ,800 
Travel: (for auto mileage only@ $.45/mile) $900 $2,025 $2,925 
Totals: $162,800 $108,414 $271,214 
60% 40% 100% 
The Disadvantaged Business Enterprise, (DBE) Program "Fair Share" goals for the project are: $9,221 for D/MBE (3.4%) and for $10,306 D/WBE 
(3.8%). Firms utilized in Federally Assisted Projects must be certified as either an MBE or WBE and a DBE. 
The Department will retain 10% of the total maximum obligation of the 319 grant funds or the final invoice submitted by the Grantee, whichever is 
greater, until all contract provisions are satisfied and final reports and other products are delivered and accepted. This 10% retainage shall be reflected 
on each invoice submitted by the Grantee and will be cumulative in the amount of $16,280 (10% of the contract amount. 
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Table 3 
Project Budget – Amended October 16, 2019 
Mitigation of Erosion Impacts at Bartholomew’s Cobble and Naumkeag 
17-08/319
Expense Items s.319 Amount Amendment Match Total Amount 
Salary and Fringe 
  Stewardship Manager     ($35-40/hour) 
  Ecologist                         ($36-40/hour) 
  Grant Administrator       ($28-35/hour) 
$14,800 1,614.22 $41,389 $56,189 
Subcontractual Services 
  Interim Stabilization Measures 
  Final Conservation Measure Plan (includes O&M) 
  Mobilization, procurement, site layout, coordination 
  Clearing, grubbing, access, waste removal 
  Bioengineering and Restoration Guidance 
  Construction Guidance 
  Construction 
  Development and Performance of Outreach Program 
Subtotal 
$ 20,000 
$ 18,000 
$ 10,000 
$ 10,400 
$ 23,900 
$ 10,000 
$ 92,300 142,708.11 
$  8,000 
$  2,000 
$  5,000 
$ 14,000 
$ 29,000 
$  8,000 
$ 22,000 
$ 18,000 
$ 15,000 
$ 10,400 
$ 23,900 
$ 14,000 
$ 10,000 
$ 121,300 
Materials and Supplies 
  Caps on culverts, piping, anchoring 
  Filter fabric, stone/gravel, soil, cable, coir, rebar, 
    and related materials 
  Plant materials, seed, mulch 
  MassDEP-Approved Signage 
  Inlet, overflow structure, perforated piping 
Subtotal 
$ 10,000 
$ 27,000 
$  4,000 
$  1,800 
$ 12,000 
$ 54,800 18,477.67 
$  5,000 
$ 20,000 
$  3,000 
$  8,000 
$ 36,000 
$ 15,000 
$ 47,000 
$  7,000 
$  1,800 
$ 20,000 
$ 90,800 
Travel: (for auto mileage only @ $.45/mile) $900 0 $2,025 $2,925 
Totals: $162,800 
    60% 
$162,800 
    60% 
$108,414 
    40% 
$271,214 
    100% 
The Disadvantaged Business Enterprise, (DBE) Program "Fair Share" goals for the project are: $9,221 for D/MBE (3.4%) and for $10,306 D/WBE 
(3.8%). Firms utilized in Federally Assisted Projects must be certified as either an MBE or WBE and a DBE. 
The Department will retain 10% of the total maximum obligation of the 319 grant funds or the final invoice submitted by the Grantee, whichever is 
greater, until all contract provisions are satisfied and final reports and other products are delivered and accepted. This 10% retainage shall be reflected 
on each invoice submitted by the Grantee and will be cumulative in the amount of $16,280 (10% of the contract amount. 
Budget amended October 16, 2019 to reflect actual project expenditures. Approved M. Harper, October 16, 2019. 
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Section D.  Description of the BMPs. 
See the following tables for descriptions of the BMPs implemented and required information. 
Table 4: Bartholomew’s Cobble BMPs 
BMP type and numbers Waypoint label Latitude Longitude
Date of 
Completed 
Installation
Targeted 
Pollutants 
(see note for 
annual 
removal 
estimates)*
Size of 
targeted 
treatment 
area (sq ft)
4 Log checkdams 1 Gully 42.054316 -73.350849 August 2019 Sediment 1,177,090
1 log, 1 geogrid, and 7 green roll 
checkdams 2 Gully 42.053275 -73.350453 August 2019 Sediment 1,177,090
2 geogrid, 2 green roll 
checkdams 3 Gully 42.052721 -73.350258 August 2019 Sediment 555,175
No installed BMPs. Wide 
collection area for sediment. 4 Gully No BMP 42.051863 -73.349762 August 2019 Sediment 784,865
3 brush fascines, 4 log post 
checkdams 5 Gully 42.051446 -73.349286 August 2019 Sediment 786,502
1 log and 1 geogrid checkdams 5.1 Gully 42.051469 -73.349393 August 2019 Sediment 786,502
3 brush fascines, 5 geogrid, 5 
filter fabric disipation 
checkdams 6 Gully 42.051037 -73.348763 August 2019 Sediment 1,370,018
3 brush fascines, 3 green roll, 12 
geogrid checkdams 7 Gully 42.050695 -73.348200 August 2019 Sediment 225,191
Pipe down steep slope, east 
side of Weatogue Road Pipe Down Steep Slope 42.050735 -73.347949 March 2018 Sediment 225,191
Bioretention basin Basin 7 42.051056 -73.352419 March 2018 Sediment 784,865
Bioretention basin Basin 6 42.050857 -73.352754 March 2018 Sediment 784,865
Bioretention basin Basin 5 42.050715 -73.352937 December 2017 Sediment 784,865
Bioretention basin Basin 4 42.050773 -73.353109 December 2017 Sediment 784,865
Bioretention basin Basin 3 42.050650 -73.353171 December 2017 Sediment 784,865
Bioretention basin Basin 2 42.050291 -73.353266 December 2017 Sediment 784,865
Start of driveway edge stone 
checkdams Driveway start checkdam 42.050752 -73.351387 March 2018 Sediment 784,865
12 checkdams between start 
and this point Driveway middle checkdam 42.050642 -73.350676 March 2018 Sediment 784,865
24 checkdams between 
previous point and this point Driveway end checkdam 42.050545 -73.349942 March 2018 Sediment 784,865
Bioretention basin Basin 1 42.050259 -73.353411 December 2017 Sediment 784,865
*Note: Approximately 140.62 lbs of sediment will be removed from the site through the implemented BMPs. Calculations using the Simple
Method.
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Table 5: Naumkeag BMPs 
BMP type and numbers
Waypoint 
label Latitude Longitude
Date of 
Completed 
Installation
Targeted 
Pollutants (see 
note for annual 
removal 
estimates)*
Size of targeted 
treatment area 
(sq ft)
Diversion berm 001 42.287065 -73.315487 October 2018 Sediment 1,484,044
Filter fabric, sand bag, 
rock roll check dams 002 42.287609 -73.314909 October 2016 Sediment 1,484,044
Agricultural drainage 
swale 003 42.289610 -73.318706 October 2018 Sediment 2,165,998
Double culvert 004 42.28978100 -73.31861800 October 2018 Sediment 2,165,998
Diversion berm 005 42.29019900 -73.31853200 October 2018 Sediment 2,165,998
Daylighted drainage swale 
around barn 006 42.290175 -73.318265 October 2018 Sediment 2,165,998
Step pools/stone 
checkdams 007 42.290028 -73.317753 May 2018 Sediment 2,165,998
Step pools/stone 
checkdams 008 42.290192 -73.317208 May 2018 Sediment 2,165,998
14 rip rap step 
pools/stone weirs 009 42.290634 -73.316429 November 2017 Sediment 2,165,998
*Note: Approximately 311.44 lbs of sediment will be removed from the site through the implemented BMPs. Calculations using the
Simple Method.
Section E.  Lessons learned.   
Given the limited scope of this study, qualitative observations were made about how stormwater 
Best Management Practices (BMPs) could be sited and scaled on lands owned by the Trustees as 
well as those owned by abutters. While physical opportunities existed for constructing BMPs in 
suitable watershed locations, the capacity to resolve future rainfall/runoff volumes on hilly 
terrain was constrained. Also, the abutters were only partially willing and able to construct the 
type of measures discussed. As a result, a focus on adding diverse features functioning to 
increase energy dissipation within the entire stormwater flowpath, including within already 
incised gullies, was chosen as the preferred course of action. In this way, even high volumes of 
runoff that reached existing degraded and incised gullies would exhibit lower erosive power, 
thereby reducing future erosion rates under a range of future rainfall patterns. Furthermore, 
checkdams and related structures function to trap and filter sediment carried by runoff and are 
able to facilitate aggradation of gully channels over time. Hence, even while stormwater flows 
may increase, sediment transport out of the study area can be reduced. It should be noted that 
while both reservations contain hilly terrain that is expected to generate moderate sediment 
yields, the dense forest cover keeps that sediment transport to a very low effective level. The 
main source of sediment is from the erosion of gullies themselves, which have been observed to 
generate an estimated average sediment volume of over 0.5 cubic yards of soil per linear foot of 
channel in single extreme rainstorms. 
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Section F.  Attachments. 
1. Map of the watershed and project locus
2. Task 1 Deliverables: Quality Assurance and Project Evaluation
3. Task 2 & 3 Deliverables for Bartholomew’s Cobble and Naumkeag
4. Long-term operation and maintenance plans for BMPs
5. Summary of Outreach and Education Activities
6. Reporting of progress and fiscal report deliverables
7. Project Summary Narrative
8. Continuing letter of support from the Town of Stockbridge
9. Continuing letter of support from the Town of Sheffield
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Attachment 1:  Map of the watershed and project locus 
10
Attachment 2: Task 1 Deliverables: Quality Assurance and Project Evaluation 
Simple method: anticipated pollutant load reductions 
The project is covered under the Department’s 319 Programmatic Quality Assurance Project 
Plan (QAPP), FFY 2015-2020, approved by US EPA on September 8, 2015. The Simple Method 
is intended for use in assessment and design analysis for stormwater management practices in 
urban areas, as such, it is not an ideal fit for the two mainly forested and agricultural watersheds 
in the two study areas. Nor is it structured to evaluate sediment load reductions due to gully 
management when eroded gully materials are themselves the dominant source of sediment 
loading. Nevertheless, the Simple Method is a useful tool for establishing baseline functions, as 
well as being a standard requirement of the QAPP. The Grantee and its consultant have provided 
the following information as requested by the Department to facilitate evaluation and reporting 
of project success. 
Recognizing the emerging nature of this type of locally scaled climate projection application, and 
allowing for a range of inherent uncertainty, published annual rainfall data was modified 
upwards by 20% (following professional judgement incorporating the factors noted above) while 
the fraction of annual rainfall events that produce runoff (Pj) was reduced from a standard 
assumption of 0.9 to 0.8. Hence, inputs to the Simple Method model applied at both the 
Naumkeag and Bartholomew’s Cobble sites started with published climate data from NOAA for 
Great Barrington of 48.63 inches of annual rainfall; this amount was adjusted upwards by 20% to 
obtain an input P value of 58.35. 
The following tables show the Simple Method calculations for the two sites (Bartholomew’s 
Cobble on the first worksheet and the two ravines at Naumkeag each get their own worksheet 
following).  Overall, the constructed BMPs are estimated to prevent a total of 452.06 lbs of 
sediment from running off the two-site area. 
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L =  0.226* P * Pj * Rv *A* C
Where: And:
L = Annual load (lbs) Rv = 0.05 + 0.009 * Ia
P = Yearly rainfall depth (in) 
Pj = Fraction of rainfall events producing runoff (use 0.9) Where: 
A = Site area (acres) Rv = Runoff Coefficient
C = Average annual pollutant concentration (mg/l) Ia= Whole number percent impervious 
0.226 = Unit conversion factor
Project Name: 
C-Values* from:
Pj Modified for future climate assumptions
Project P* Modified for future climate assumptions
*http://www.ncdc.noaa.gov/cdo-web/datatools/normals
Pre-Development Land Cover type Site Area (ac) Imp. Area (ac) Ia (%) Rv C (mg/L)* Load (lbs)
Agriculture/Forest 98 1 1 0.059183673 0.17 10.40
Open Urban Land 16 4 25 0.275 3.34 155.04
0 0.05 0.00
0 0.05 0.00
Pre-Dev. Total 165.44
Post-Development Land Cover Site Area (ac) Imp. Area (ac) Ia (%) Rv C (mg/L) Load (lbs)
Agriculture/Forest 98 1 1 0.059183673 0.17 10.40
Open Urban Land 16 4 25 0.275 3.34 155.04
0 0.05 0.00
0 0.05 0.00
Post-Dev. Total 165.44
85
24.82
Load Difference None
* C-values for sediment obtained from Table 1 integrated with Simple Model
Bartholomew's Cobble
0.8
58.35
Simple Method Pollutant Loading Calculation Worksheet- Sediment 
The Simple Method estimates pollutant loading of stormwater runoff for urban and developed areas. This worksheet includes the data and 
calculations to be used for computation of existing and post-development loads.  Fill in the shaded fields bas ed on the project site attributes. 
Offset Calculations
Table 1, Integrated in Model
If the final load says "none", no further action is needed.  If the number is positive, an offset is required. There are several different options for 
satisfying offset requirements including the use of additional on-site treatment, the purchase of an existing offset (if available), or the development of 
an offsite offset project within the same impaired watershed.    
Existing Conditions
 Load reduction from treatment (%)
Post-dev. load after treatment is provided
Lbs to be offset
Figure 1: Simple Method worksheet for Bartholomew’s Cobble 
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L =  0.226* P * Pj * Rv *A* C
Where: And:
L = Annual load (lbs) Rv = 0.05 + 0.009 * Ia
P = Yearly rainfall depth (in) 
Pj = Fraction of rainfall events producing runoff (use 0.9) Where: 
A = Site area (acres) Rv = Runoff Coefficient
C = Average annual pollutant concentration (mg/l) Ia= Whole number percent impervious 
0.226 = Unit conversion factor
Project Name: 
C-Values* from:
Pj Modified for future climate assumptions
Project P* Modified for future climate assumptions
*http://www.ncdc.noaa.gov/cdo-web/datatools/normals
Pre-Development Land Cover type Site Area (ac) Imp. Area (ac) Ia (%) Rv C (mg/L)* Load (lbs)
Agriculture/Forest 28 1 4 0.082142857 0.17 4.12
Open Urban Land 22 5 23 0.254545455 3.34 197.32
0 0.05 0.00
0 0.05 0.00
Pre-Dev. Total 201.45
Post-Development Land Cover Site Area (ac) Imp. Area (ac) Ia (%) Rv C (mg/L) Load (lbs)
Agriculture/Forest 28 1 4 0.082142857 0.17 4.12
Open Urban Land 22 5 23 0.254545455 3.34 197.32
0 0.05 0.00
0 0.05 0.00
Post-Dev. Total 201.45
85
30.22
Load Difference None
* C-values for sediment obtained from Table 1 integrated with Simple Model 
Naumkeag North Gully
0.8
58.35
Simple Method Pollutant Loading Calculation Worksheet- Sediment 
The Simple Method estimates pollutant loading of stormwater runoff for urban and developed areas. This worksheet includes the data and calculations to be used 
for computation of existing and post-development loads.  Fill in the shaded fields bas ed on the project site attributes. 
Offset Calculations
Table 1, as integrated in Model
If the final load says "none", no further action is needed.  If the number is positive, an offset is required. There are several different options for satisfying offset 
requirements including the use of additional on-site treatment, the purchase of an existing offset (if available), or the development of an offsite offset project 
within the same impaired watershed.    
Existing Conditions
 Load reduction from treatment (%)
Post-dev. load after treatment is provided
Lbs to be offset
Figure 2: Simple Method worksheet for Naumkeag North Gully 
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L =  0.226* P * Pj * Rv *A* C
Where: And:
L = Annual load (lbs) Rv = 0.05 + 0.009 * Ia
P = Yearly rainfall depth (in) 
Pj = Fraction of rainfall events producing runoff (use 0.9) Where: 
A = Site area (acres) Rv = Runoff Coefficient
C = Average annual pollutant concentration (mg/l) Ia= Whole number percent impervious 
0.226 = Unit conversion factor
Project Name: 
C-Values* from:
Pj Modified for future climate assumptions
Project P* Modified for future climate assumptions
*http://www.ncdc.noaa.gov/cdo-web/datatools/normals
Pre-Development Land Cover type Site Area (ac) Imp. Area (ac) Ia (%) Rv C (mg/L)* Load (lbs)
Agriculture/Forest 14 1 7 0.114285714 0.17 2.87
Open Urban Land 20 4 20 0.23 3.34 162.09
0 0.05 0.00
0 0.05 0.00
Pre-Dev. Total 164.95
Post-Development Land Cover Site Area (ac) Imp. Area (ac) Ia (%) Rv C (mg/L) Load (lbs)
Agriculture/Forest 14 1 7 0.114285714 0.17 2.87
Open Urban Land 20 4 20 0.23 3.34 162.09
0 0.05 0.00
0 0.05 0.00
Post-Dev. Total 164.95
85
24.74
Load Difference None
* C-values for sediment obtained from Table 1 integrated with Simple Model
If the final load says "none", no further action is needed.  If the number is positive, an offset is required. There are several different options for 
satisfying offset requirements including the use of additional on-site treatment, the purchase of an existing offset (if available), or the development of 
an offsite offset project within the same impaired watershed.    
Existing Conditions
 Load reduction from treatment (%)
Post-dev. load after treatment is provided
Lbs to be offset
Naumkeag South Gully
0.8
58.35
Simple Method Pollutant Loading Calculation Worksheet- Sediment 
The Simple Method estimates pollutant loading of stormwater runoff for urban and developed areas. This worksheet includes the data and 
calculations to be used for computation of existing and post-development loads.  Fill in the shaded fields bas ed on the project site attributes. 
Offset Calculations
Table 1, as integrated in Model
Figure 3: Simple Method worksheet for Naumkeag South Gully 
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Table 6: Bartholomew’s Cobble BMPs 
BMP type and numbers Waypoint label Latitude Longitude
Date of 
Completed 
Installation
Targeted 
Pollutants 
(see note for 
annual 
removal 
estimates)*
Size of 
targeted 
treatment 
area (sq ft)
4 Log checkdams 1 Gully 42.054316 -73.350849 August 2019 Sediment 1,177,090
1 log, 1 geogrid, and 7 green roll 
checkdams 2 Gully 42.053275 -73.350453 August 2019 Sediment 1,177,090
2 geogrid, 2 green roll 
checkdams 3 Gully 42.052721 -73.350258 August 2019 Sediment 555,175
No installed BMPs. Wide 
collection area for sediment. 4 Gully No BMP 42.051863 -73.349762 August 2019 Sediment 784,865
3 brush fascines, 4 log post 
checkdams 5 Gully 42.051446 -73.349286 August 2019 Sediment 786,502
1 log and 1 geogrid checkdams 5.1 Gully 42.051469 -73.349393 August 2019 Sediment 786,502
3 brush fascines, 5 geogrid, 5 
filter fabric disipation 
checkdams 6 Gully 42.051037 -73.348763 August 2019 Sediment 1,370,018
3 brush fascines, 3 green roll, 12 
geogrid checkdams 7 Gully 42.050695 -73.348200 August 2019 Sediment 225,191
Pipe down steep slope, east 
side of Weatogue Road Pipe Down Steep Slope 42.050735 -73.347949 March 2018 Sediment 225,191
Bioretention basin Basin 7 42.051056 -73.352419 March 2018 Sediment 784,865
Bioretention basin Basin 6 42.050857 -73.352754 March 2018 Sediment 784,865
Bioretention basin Basin 5 42.050715 -73.352937 December 2017 Sediment 784,865
Bioretention basin Basin 4 42.050773 -73.353109 December 2017 Sediment 784,865
Bioretention basin Basin 3 42.050650 -73.353171 December 2017 Sediment 784,865
Bioretention basin Basin 2 42.050291 -73.353266 December 2017 Sediment 784,865
Start of driveway edge stone 
checkdams Driveway start checkdam 42.050752 -73.351387 March 2018 Sediment 784,865
12 checkdams between start 
and this point Driveway middle checkdam 42.050642 -73.350676 March 2018 Sediment 784,865
24 checkdams between 
previous point and this point Driveway end checkdam 42.050545 -73.349942 March 2018 Sediment 784,865
Bioretention basin Basin 1 42.050259 -73.353411 December 2017 Sediment 784,865
*Note: Approximately 140.62 lbs of sediment will be removed from the site through the implemented BMPs. Calculations using the Simple
Method.
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Table 7: Naumkeag BMPs 
BMP type and numbers
Waypoint 
label Latitude Longitude
Date of 
Completed 
Installation
Targeted 
Pollutants (see 
note for annual 
removal 
estimates)*
Size of targeted 
treatment area 
(sq ft)
Diversion berm 001 42.287065 -73.315487 October 2018 Sediment 1,484,044
Filter fabric, sand bag, 
rock roll check dams 002 42.287609 -73.314909 October 2016 Sediment 1,484,044
Agricultural drainage 
swale 003 42.289610 -73.318706 October 2018 Sediment 2,165,998
Double culvert 004 42.28978100 -73.31861800 October 2018 Sediment 2,165,998
Diversion berm 005 42.29019900 -73.31853200 October 2018 Sediment 2,165,998
Daylighted drainage swale 
around barn 006 42.290175 -73.318265 October 2018 Sediment 2,165,998
Step pools/stone 
checkdams 007 42.290028 -73.317753 May 2018 Sediment 2,165,998
Step pools/stone 
checkdams 008 42.290192 -73.317208 May 2018 Sediment 2,165,998
14 rip rap step 
pools/stone weirs 009 42.290634 -73.316429 November 2017 Sediment 2,165,998
*Note: Approximately 311.44 lbs of sediment will be removed from the site through the implemented BMPs. Calculations using the
Simple Method.
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Attachment 3: Task 2 & 3 Deliverables for Bartholomew’s Cobble and Naumkeag 
Bartholomew’s Cobble 
Consistent with the proposal submitted May 31, 2016, project partners designed and installed 
BMPs above and below Weatogue Road. Much of the work depended upon cut and fill activities to 
scoop out shallow areas suitable for impounding stormwater, and all topsoils were  salvaged and 
preserved for use in finish grading. Sediment deposited below gullies was excavated where 
feasible and replaced into the gullies where it originated (a preferential treatment to avoid the 
introduction of invasive plant species that likely arrive with offsite fill). Sediments were then 
stabilized by environmentally sensitive measures largely dependent upon bioengineering practices 
supplemented with synthetic and durable construction materials.  No construction permits or 
approvals were required after coordination with representatives from the local Conservation 
Commission. 
Final “as-built” drawings of the completed BMPs indicate that not all of the originally proposed 
measures (see following sheets) on neighboring properties were ultimately implemented, but that 
additional measures were constructed on Trustees land and along the neighbor’s right-of-way. 
Otherwise, the implemented BMPs do not differ substantially from previously submitted plans. 
Installed BMPs have been depicted using digital format photo-documentation of site, construction, 
and completed BMPs before, during and after construction. 
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BARTHOLOMEW’S 
COBBLE
TRUSTEES OF RESERVATIONS
CONKLIN
PROPERTY HAASE 
PROPERTY
STORMWATER EROSION 
BARTHOLOMEW’S COBBLE RESERVATION
SHEFFIELD, MASSACHUSETTS
TRUSTEES OF RESERVATIONS
O V E R V I E W
Compromised town roadway: Highway department 
installed control pipe between roadway and floodplain 
channel
Bartholomew’s Cobble Reservation: 329 acres
Two properties lie upland of eroded gullies (marked 
in red) on the Bartholomew’s Cobble parcels: Conklin 
property has one home with a gravel access drive that 
traverses, at points, the adjoining Haase property.  Haase 
property is undeveloped and all three properties border 
Connecticut to the south. Further upland to the peak of 
Miles Mountain is undeveloped. 
Team surveyed severely 
eroded channels (marked 
in red) in the southeastern 
area of the preserve: 
10 actively eroding gullies 
were identified with 
a combined length of 
approximately 7,358 linear ft 
(1.3 miles)
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STORMWATER EROSION 
BARTHOLOMEW’S COBBLE RESERVATION
SHEFFIELD, MASSACHUSETTS
TRUSTEES OF RESERVATIONS
W A T E R S H E D S
The Watershed of the eroded areas highlighted in blue 
cover approximately 114 acres (4,989,300 sq ft). Currently 
the Haase property and land extending to Miles Mountain 
is undeveloped. If these properties are developed with 
driveways, paths and/or structures, runoff impact would 
potentially increase. 
 0    300   600   900
FEET
AB
CD
E
F
G
A - 90.459 sq ft.
B - 225,191 sq ft.
C - 1,370,018 sq ft.
D - 786,502 sq ft.
E - 784,865 sq ft. 
F - 555,175 sq ft. 
G - 1,177,090 sq ft. 
Approximate boundaries of subwatersheds for each 
eroded gully are as follows:
19
STORMWATER EROSION 
BARTHOLOMEW’S COBBLE RESERVATION
SHEFFIELD, MASSACHUSETTS
TRUSTEES OF RESERVATIONS
F E A T U R E S & 
O P P O R T U N I T I E S
285
W
E
A
T
O
G
U
E
 R
O
A
D
H
OUSATONIC RIVER
255
210
HAASE
CONKLIN
TRUSTEES OF RESERVATIONS
2
143
Dead tree stand 
suitable for 
bioretention
North clearing 
suitable for 
bioretention
321
South clearing 
suitable for 
bioretention
Gravel road 
approx length: 3,000 feet 
Culverts: 5 identified crossing 
gravel access drive
Driveway 
riprap swale
4
Eroded Gullies: 10 identified 
(approx total length 7,358 linear ft. 
(1.3 miles)
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STORMWATER EROSION 
BARTHOLOMEW’S COBBLE RESERVATION
SHEFFIELD, MASSACHUSETTS
TRUSTEES OF RESERVATIONS
C O N S E R V A T I O N 
M E A S U R E S  ( A S - B U I L T )
Stone weir bioswale utilizing existing 
material onsite at location of riprap 
swale
Bioretention areas Gully stabilization Farm pond 
plus storage
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STORMWATER EROSION 
BARTHOLOMEW’S COBBLE RESERVATION
SHEFFIELD, MASSACHUSETTS
TRUSTEES OF RESERVATIONS
C O N S E R V A T I O N
M E A S U R E S
STONE WEIR BIOSWALE BIORETENTION GULLY STABILIZATION
Bioretention is the process in which 
contaminants and sedimentation are 
removed from stormwater runoff. 
Stormwater is collected into the 
treatment area which consists of a grass 
buffer strip, sand bed, ponding area, 
organic layer or mulch layer, planting 
soil, and plants.
Gully stabilization measures provide a 
framework to allow vegetation to take 
hold, either new plants or via expansion 
of root systems of nearby trees. Often, 
it incorporates locally present materials 
such as logs, saplings, brush, and rock, 
plus suitable filter fabric and other 
materials. 
(please see following page for more 
examples)
Stone weirs added to existing swales 
can serve to increase storage capacity, 
encourage and/or support beneficial 
plant growth, and control erosion within 
the channel. Details for spacing, sizing 
and shaping of weirs typically depends on 
how steep the channel is.
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GULLY STABILIZATION cont. 
STORMWATER EROSION 
BARTHOLOMEW’S COBBLE RESERVATION
SHEFFIELD, MASSACHUSETTS
TRUSTEES OF RESERVATIONS
C O N S E R V A T I O N
M E A S U R E S
GULLY STABILIZATION cont. 
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Figure 4: Locator map for Bartholomew’s Cobble BMPs 
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Photo documentation for Bartholomew’s Cobble 
Pre-construction (2015-2016): 
Eroded gullies along Weatogue Road  
Sediment from gullies was flowing into floodplain habitats along the Housatonic River, 
including floodplain forest and vernal pools. 
Existing gullies have been experiencing catastrophic erosion due to high intensity storms. 
Undermined trees fall over resulting in canopy gaps where invasive species thrive. Filter 
fabric and sandbags were used as temporary stabilizers for some of the eroding ravines.  
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This catch basin along Weatogue Road was buried in sediment following a storm. 
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During construction (2017-2019): 
Bioretention basin construction:  
Other BMP construction completed by hand 
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Completed BMPs (2019): 
1. Rock roll checkdam
28
2. Geogrid checkdam
3. Brush fascine checkdam (reinforced with rebar)
29
4. Log checkdam with filter fabric
5. Filter fabric grade control repair
30
6. Riprap checkdam (along driveway edge)
7. Steep profile conveyance pipe
31
8. Bioretention basin
Naumkeag 
Consistent with the proposal submitted May 31, 2016, project partners designed and installed 
BMPs below Prospect Hill Road to address source control, enhance infiltration and stabilize 
existing eroded areas including eroded gullies on Naumkeag. Some measures were implemented 
by abutting landowners, namely the Marian Fathers, with some further stormwater management 
practices also potentially to be added by the Town of Stockbridge within their road right-of-way, 
above Prospect Hill Road in the course of conducting ongoing improvements. Other proposed 
measures have been adopted as intended future enhancements in keeping with the proposed design 
(see following sheeets) recommendations, however the exact timing or commitment level are not 
definitive (see letter of support from Town of Stockbridge dated September 25, 2019). While some 
key areas would benefit very highly from suitable BMP implementation (by addressing appropriate 
storage and infiltration along existing infrastructure such as driveways), the key functions of 
energy dissipation and sediment filtration allow the suite of BMPs to perform as intended without 
full cooperation from abutters. No construction permits or approvals were deemed to be required 
after coordination with representatives from the local Conservation Commission and the Natural 
Resource Conservation Service (who contributed non-eligible in-kind technical support).  
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STORMWATER EROSION 
NAUMKEAG
STOCKBRIDGE, MASSACHUSETTS
TRUSTEES OF RESERVATIONS
O V E R V I E W
Eroding North Gully
Eroded sediment chronically deposited 
behind and beyond the idyllic Jamesway 
Barn
Hazardous steep erosion cuts close 
to southern property line
Calcareous Fen
Natural Community
Sediment 
Fan
Sediment 
Fan
Naumkeag is located on a steep slope running from Prospect Hill Road down to 
relatively flat fields and eventually to a small stream. Two gullies, near the northern 
and southern property lines, have formed in recent years and experienced severe 
acceleration in the past 12 months. Because of  these geographic challenges, 
Naumkeag struggles with significant issues related to drainage and runoff. Drainage 
and runoff  have always presented challenges at Naumkeag, but as storm frequency 
and intensity has increased due to climate change, the challenges have grown 
markedly.
This project seeks to implement best management practices for stormwater 
controls and stream restoration/stabilization that serve as effective, low-cost water 
management systems suitable for the natural landscape of  the area for the purpose 
of:
• Protecting and preserving threatened agricultural buildings and allowing their
productive use
• Preserving endangered species habitat
• Preserving Fen Meadows
• Minimizing safety hazards of  deep erosion cuts.Eroding South Gully
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STORMWATER EROSION 
NAUMKEAG
STOCKBRIDGE, MASSACHUSETTS
TRUSTEES OF RESERVATIONS
W A T E R S H E D S
0’ 300’ 900’
A
B
A - 2,165,998 sq ft. (Northern Gully)
B - 1,484,044 sq ft. (Southern Gully)
& F E A T U R E S
Approximate combined length of  the two gullies is 953 feet: 
• Northern Gully 595 linear ft.
• Southern Gully 358 linear ft.
The North and South Gully are in two sub-watersheds 
highlighted in blue. Together they cover approximately 83 acres 
(3,650,042 sq ft). Development and/or drainage changes along 
Prospect Hill Rd have had a significant impact on erosion 
occurring on the Naumkeag property. 
Approximate boundaries of  sub-watersheds for each eroded 
gully are as follows: 
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STORMWATER EROSION 
NAUMKEAG
STOCKBRIDGE, MASSACHUSETTS
TRUSTEES OF RESERVATIONS C O N T R O L S
W A T E R S H E D
NAUMKEAG
Stormwater Harvesting (rain barrels, 
cisterns, reduce roof  runoff  and provide 
sustainable irrigation possibilities)
Roadside vegetated bioswales reduce 
volume of  runoff  entering culverts at 
road and provides species habitat.
Highway Department drainage 
retrofits
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STORMWATER EROSION 
NAUMKEAG
STOCKBRIDGE, MASSACHUSETTS
TRUSTEES OF RESERVATIONS
Culvert leaving
adjacent property
Culvert discharge 
onto Naumkeag 
property
Upstream view of  gully
Driveway undercut at pipe 
outlet
1
Gully 
threatens 
barns
Boulders block 
drain grate behind 
Jamesway Barn
Downstream view of  
gully
7
8Gully threatens 
footbridge and 
driveway culvert
3 4
5 6
E X I S T I N G  C O N D I T I O N S :
N O R T H  G U L L Y
8 Jamesway
Barn
7
6
5
4
3
2
1
2
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STORMWATER EROSION 
NAUMKEAG
STOCKBRIDGE, MASSACHUSETTS
TRUSTEES OF RESERVATIONS
C O N S E R V A T I O N 
M E A S U R E S ( A S - B U I L T )
340 linear feet of  New Open Channel 
Replacing the Failing Drainage Pipe 
behind Jamesway Barn to improve viable 
barnyard use via effective connection 
250 linear feet of  Modified Existing 
Drainage Ditch in the grazing meadow 
sized to integrate with reconnected 
upstream channels and provide improved 
agricultural drainage
N O R T H  G U L L Y
Jamesway Barn
600 linear feet of  Repaired Eroding 
North Gully focused on preventing 
damage to bridge, culvert, and barn using 
boulders for step-pool structures
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STORMWATER EROSION 
NAUMKEAG
STOCKBRIDGE, MASSACHUSETTS
TRUSTEES OF RESERVATIONS
E X I S T I N G  C O N D I T I O N S :
S O U T H  G U L L Y
Deep and wide erosion cuts pose hazards 
including encroaching on neighbors property
Sediment fan deposits in Fen and Meadow
5
432
1
5
4
3
2
1
Temporary Control Measures applied 2016
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STORMWATER EROSION 
NAUMKEAG
STOCKBRIDGE, MASSACHUSETTS
TRUSTEES OF RESERVATIONS
C O N S E R V A T I O N 
M E A S U R E S ( A S - B U I L T )
S O U T H  G U L L Y
400 linear feet of Repaired Eroding South 
Gully using grade control structures and piped 
for extreme storm overflow conveyance
Sediment deposits replaced into gully to prevent 
ongoing damage to forest trees, Naumkeag 
garden features, and neighboring parcel
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C O N S E R V A T I O N
M E A S U R E S
STORMWATER EROSION 
NAUMKEAG
STOCKBRIDGE, MASSACHUSETTS
TRUSTEES OF RESERVATIONS
Smaller swale/berm areas can be situated near buildings and 
vegetated with pollinator species supplemented by cover crops such 
as winter rye for initial stability.
Runoff  from roofs and roads can be captured in large 
basins fitted along contours, shaped through excavating 
low zones and filling berms on the downhill edge.
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GULLY STABILIZATION cont. C O N S E R V A T I O N
M E A S U R E S
STORMWATER EROSION 
NAUMKEAG
STOCKBRIDGE, MASSACHUSETTS
TRUSTEES OF RESERVATIONS
Roadside swales can store, infiltrate, and provide overflow 
drainage functions on main Marians driveway and Prospect Hill 
Road
An outlet structure for the basin can be designed to store 
low rainfall volumes for up to three days, while allowing high 
volumes to exit through large pipes embedded within the newly 
filled gully
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The center and bank edge elevations must be constructed 
correctly, with spacing between steps properly matching the gully 
slope.
GULLY STABILIZATION cont. C O N S E R V A T I O N
M E A S U R E S
STORMWATER EROSION 
NAUMKEAG
STOCKBRIDGE, MASSACHUSETTS
TRUSTEES OF RESERVATIONS
Track hoe operation allows access on steep terrain within or 
alongside the gully. Typically using a bucket with a “thumb” aids in 
careful placement of  boulders and other material to form step-
pool elements.
A combination of  large boulders and coarse woody material can be 
used to provide step-pool geomorphic structure for repairing and 
stabilizing the North Gully
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GULLY STABILIZATION cont. C O N S E R V A T I O N
M E A S U R E S
STORMWATER EROSION 
NAUMKEAG
STOCKBRIDGE, MASSACHUSETTS
TRUSTEES OF RESERVATIONS
Portable belt conveyors can be used to move deposits of  
eroded soil/rock uphill, back into the gully. This method 
allows placement of  materials with minimal damage to 
forest trees.
Troughing Slider type conveyors 26 feet in length are 
available for rent and may be cascaded onto one another 
to reach distances of  100 feet or more, providing suitable 
access for the South Gully especially.
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Final “as-built” drawings of the completed BMPs indicate the originally proposed measures on the 
Trustees’ property. A diversion berm was added to address flooding affecting downhill neighbors, 
augmenting plans reviewed previously by MA DEP. Installed BMPs have been depicted using 
digital format photo-documentation of site, construction, and completed BMPs before, during, and 
after construction. 
Figure 5: Locator map for Naumkeag BMPs 
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Photo documentation for Naumkeag 
Pre-construction (2016): 
South Ravine erosion 
South Ravine temporary stabilization prior to 319 project using filter fabric and sand bags 
45
North Ravine: failing concrete retention wall with poorly constructed small retention pond, 
middle and upper ravine with eroding slopes (partially hidden by invasive vegetation). 
Upper North Ravine and lower North Ravine showing sediment deposition behind barn. 
During construction (2017-2019): 
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Stabilizing slope with geogrid and native plantings after removing failing concrete wall. Native 
plant seed mix was used in addition to shrub willow cuttings gathered on site. 
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Completed BMPs (2018-2019): 
1. Step-pool structures created with boulders
2. Open channel flow via stream daylighting
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Daylighted channel behind the barn shown in the spring and late summer. Vegetation planted 
includes grasses, wildflowers and shrubs to stabilize soils and provide additional support 
to the channel. Shrub material was collected on site and transplanted and planted via 
cuttings. 
3. Open channel with flood diversion berm
Photos on the left and center from the North Ravine, on the right from the South Ravine 
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4. Modified existing farm drainage ditch
5. Sandbag, filter fabric, rock roll checkdams
6. Repaired culvert under driveway
50
     SUSTAINABILITY VISIONS LLC   34 Raymond St, Manchester, MA 01944 
 
 
 
27 Sept 2019 
 
Julie Richburg, PhD 
Trustees of Reservations 
200 High Street 
Boston MA 02110 
 
Re: Certification of Best Management Practices 
 
Dear Dr. Richburg: 
 
This letter is prepared for the purpose of certifying that the Best Management Practices 
carried out with support from the Massachusetts Department of Environmental Protection 
319 Grant Program have been implemented in accordance with the specified design. I 
performed the following tasks needed to ensure proper implementation of this project, 
including:  
1. desktop information review,  
2. field assessment,  
3. stakeholder outreach and coordination, 
4. conceptual design,  
5. calculations using the Simple Method broken down by three sub-watersheds,  
6. BMP placement plans submitted for MA DEP review, 
7. field-adaptation of BMP design and construction oversight, 
8. final inspection of BMP installation & 
9. final report and O&M plan preparation 
Please accept this letter as the final deliverable under our contract. 
Sincerely, 
 
Certified by Wendi Goldsmith, PhD 
CPESC #963, expires 12/31/2019 
   
Attachment 4: Task 4 Deliverables - Long-term operation and maintenance plans for 
BMPs 
The O&M Plan summarizes the intent and purpose of the BMPs and highlights past maintenance 
approaches which are not appropriate to continue. Routine and Non-routine O&M activities are 
differentiated and identified, along with criteria for scheduling inspections (based on leaf fall, 
snowfall, notable storms, or farming/construction activities, etc). The O&M inspections are 
suited to be performed by existing Trustees personnel equipped with existing project base maps, 
detailed log forms specifying specific BMPs and issues to focus on, and the nature of the general 
and specific information to record. Given the typical duties of Trustees personnel, most routine 
maintenance should be possible to perform using in-house labor and equipment and basic 
supplies. Predictable maintenance such as BMPs impacted by fallen tree limbs is discussed, and 
likely can be addressed during the inspection process itself. Other more involved maintenance 
activities will require further planning, and information related to scoping and delegating such 
work is called for on the log form. An initial recommended candidate to serve as the responsible 
party for BMP O&M has been identified, and suitable replacements should be identified in the 
future as needed. Similarly, reprograming existing staff time prioritizing O&M activities and/or 
identifying dedicated funding for O&M routine and non-routine inspections and actions will 
require attention and adaptation over time under the auspices of the Trustees management team.  
No technical memorandum of recent O&M activities is applicable at this time, as measures have  
been recently completed and not subject to ongoing inspections.  
A comprehensive Operation and Maintenance Plan (O&M) is submitted as follows: 
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BEST MANAGEMENT PRACTICE (BMP) OPERATION & MAINTENANCE PLAN 
MASSACHUSETTS DEPARTMENT OF ENVIRONMENTAL PROTECTION 
SECTION 319 PROJECT 17-08/319 
Project Title: Mitigation of Erosion Impacts at Bartholomew’s Cobble and Naumkeag 
NPS Category:  Healthy Watersheds 
Investigator: The Trustees of Reservations 
Location: Housatonic River 
Background 
Description - Bartholomew’s Cobble (Sheffield) and Naumkeag (Stockbridge) suffered from 
severe hillside gully erosion resulting in sedimentation into high quality wetland resources. These 
new problems on previously stable sites were triggered by poor stormwater management 
practices exacerbated by climate change. Increased storm intensity and frequency caused existing 
sizes and configurations of swales and pipes used to collect and convey water to become 
overwhelmed, resulting in water flowing in concentrated patterns across the fragile soils on steep 
slopes. Erosion and sedimentation affected sensitive wetland habitats and state-listed rare 
species, both at the site where water cut through land, and where it deposited the resulting 
sediments.  
Project Goals – To implement a set of preventative and restorative measures to reduce the 
ongoing erosion and runoff problems exacerbated by the change in storm frequency and intensity 
due to climate change at two properties within the Housatonic Watershed. This project restored 
valuable rare wetland species and wetland habitats at both sites. It implemented measures 
suitable for the natural landscapes in the area and are effective, yet low cost, methods that public 
works departments and private organizations (particularly those with limited financial resources) 
could replicate with their own staff and equipment. In addition, measures took into account the 
projected changes in storm frequency and intensity under the projected future climate. The 
primary approach to managing erosion and sedimentation depends on reducing runoff and 
managing it near its source through infiltration, storage, and evapotranspiration. This has been 
achieved by identifying and addressing source control of rainfall and groundwater before it 
begins to channelize and cause erosion across the steep slopes of the individual properties. 
O&M – Addressing the ongoing Operation and Maintenance (O&M) needs of the Best 
Management Practices (BMPs) constructed under this grant will require a minor adjustment to 
past site management activities in order to ensure the BMPs continue to function as intended. 
This O&M Plan is tailored to align with the technical attributes of the BMPs, the resources 
within the Trustees of Reservations, and the uncertain nature of how erosion may change based 
on future rainfall patterns and normal wear.
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General Operational and Maintenance Responsibilities 
The Trustees of Reservations own and manage both properties located within their Western 
Region. Personnel responsible for oversight and management of these and other nearby 
properties have historically kept an eye on conditions and taken practical steps to handle 
apparent needs. Such customary practices helped the two properties remain operational, but they 
fell short of addressing the root causes of erosion and sedimentation which damaged and 
threatened key structures and ecological resources. On the one hand, these efforts required 
significant staff time, but did not provide significant results towards improved stewardship 
effectiveness; hence, similar efforts should be avoided in the future for all similar problems. On 
the other hand, the time and skills required to provide appropriate O&M actions going forward 
should be readily covered by existing staffing and budgeting levels, yet with better results. 
Standards for operating/maintaining the BMPs implemented under this grant can serve as a 
constructive example within the Trustees of Reservations and also wider audiences with interest. 
So that past inadequate practices are not repeated due to habit, the following instructive 
examples are offered: 
At Naumkeag - 
• manually clearing debris and rocks out of the culvert inlet grate behind the Jamesway
Barn instead of reducing erosion upstream in the North Gully
• patching asphalt at the bridge crossing the gully to access the Carriage House and other
structures instead of preventing scouring erosion causing sinkholes
• using sandbags to attempt diversion of water flowing over land, not in the underground
pipe instead of properly sizing and/or maintaining the pipe or establishing a “daylighted”
channel
• scraping off deposited sediment from the Jamesway Barn yard area and adjacent meadow
and not addressing stormwater flows affecting abutting homes
• applying sandbags in the South Gully to attempt stabilization instead of constructing
suitably configured checkdams sized and sited to match erosive forces
• allowing gutters on buildings to become misaligned, crushed, fallen, or removed, thus
allowing unmanaged roof runoff to cause erosion
• placing fill or regrading areas without revegetation (in hopes of minimizing mowing??)
instead of seeding with suitable turf grass and/or cover crop to provide ongoing erosion
control
• applying wood chips and other organic materials in wet areas with soft ground in hopes
of improving conditions for pedestrians and/or vehicles, instead of improving drainage
and/or root reinforcement
At Bartholomew’s Cobble - 
• problematic actions here were largely undertaken by Town crews working based on
customs that had functioned well in the past, so the “past practice” can be summarized in
hindsight as “being too passive and disengaged”
• standing by without proactive engagement as Town crews leap into emergency road
repair or plan, construct, and adjust roadwork adjoining sensitive resource areas should
be avoided in the future, to the extent Trustees personnel are aware of road
washouts/repairs
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• maintaining little dialog with Town Conservation Commissions and/or Administrators
instead of alerting them of the locations of estimated priority habitat, and their sensitivity
to seemingly benign roadwork and similar construction
Responsible Party 
The Trustees of Reservations should identify (and update as needed) the party responsible for 
performing or delegating O&M actions. The recommended responsible party is Riley Meehan 
(Steward), given his familiarity with the work previously performed on both sites, and his 
aptitude for spotting erosion threats and assembling the appropriate purchased and locally 
gathered construction materials. Ecological knowledge of the vulnerable plant communities 
currently resides chiefly with Julie Richburg (Lead Ecologist, Inland Natural Resources) whose 
expertise should also be tapped. 
Estimated Annual Budget 
Providing routine inspections as outlined below of BMPs at Naumkeag and Bartholomew’s 
Cobble is expected to require one full day for one person, consisting of viewing BMPs from 
roads and close-up visual inspection of key areas called out below. This effort is intended to be 
performed in fall after leaves drop and in early spring after snowmelt in order to promptly spot 
erosion or other damage after large rainstorms and/or wind damage to trees or large limbs. 
Similar work is anticipated annually in connection with farming activities in the fields growing 
hay and pumpkins in at Naumkeag, requiring an estimated 4 hours over the growing season. 
Hence 2.5 full days (20 hours) is the expected annual level of effort on a routine basis for 
inspections. Likely minor adjustments can be handled with manual labor and hand tools for some 
items (such as moving a tree limb fallen on a black geogrid mesh checkdam), while further effort 
will be required for ongoing maintenance after larger storm events or surface damage from 
equipment operations.  
Additional inspections are called for after significant storms and/or nearby construction 
activities. When non-routine inspections are called for, especially after severe storms, the full 
visual inspection and GPS waypoint creation of the gullies uphill will require roughly twice as 
much time as routine inspections. Hence, 4 full days (32 hours) is the expected level of effort for 
the most extreme non-routine inspections, including organizing photographs, notes, and GPS 
location information. This level of effort also should provide for basic communication by phone 
and email with relevant stakeholders such as Towns and abutters who are likely to share interest 
and/or responsibility in the matter. Though difficult to estimate the frequency of such needs, it is 
reasonable to assume every three years. Completing O&M Log Forms for non-routine 
inspections is especially important, as higher efforts are likely needed to address timely repairs, 
and the forms can aid in planning staff, volunteers, and/or funds for materials and/or contractors 
for that purpose. 
In summary, ten years of routine (20x10=200 hours) and non-routine (32x3=96 hours) 
inspections are estimated to demand 296 hours at an hourly labor cost of $40 at a cost of 
$11,840. It is reasonable to assume that such work could be carried out by knowledgeable 
personnel already present on site in conjunction with roles to provide inspection or crew 
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oversight related to trail maintenance and repair, invasive plant control, or sensitive plant 
community assessment. Hence the true dedicated cost could be substantially lower (perhaps by 
half) while still completing O&M Log Forms and documenting any special effort needed for 
repair or heavy maintenance. 
As a rule of thumb, suitable seed should be kept on hand or routinely purchased from reputable 
sources (ideally matching project orders/receipts for native plant seed mixes, hay seed mixes, 
and winter rye cover crop seed, etc to prevent spread of invasive plants) in order to quickly 
address simple revegetation needs. Being prepared to address such needs soon after spotting 
them will save money and conserve natural areas and built structures.  
Every few years on average, an intense storm event is likely to cause damage needing substantial 
repair, including effects caused by offsite factors beyond the control of the Trustees of 
Reservations, or “acts of God” such as a fallen tree creating a new concentrated flow path down 
a susceptible hillslope. It is advisable to estimate that 2-3% of the roughly $300,000 cost of this 
319 grant funded project should be reserved to cover needed substantial repairs as they may 
arise. Hence, on average, $7,500 annually should be set aside for attending those needs, or 
$75,000 over ten years. Potential exists for some, but not all, of the needed work to be performed 
at no direct cost, such as in-kind sitework efforts like those previously performed by Jesse 
Conklin and other volunteer crews. As a side observation, the vast majority of Trustees-owned 
parcels could benefit from a similar approach to routine inspection and reserves for anticipated 
repairs, and this approach may tie in well with existing frameworks used by the organization. 
The total 10-year estimated budget for O&M of the BMPs is to be $86,840; as outlined above, a 
significant portion of these costs may be coupled with staff multi-tasking on other duties, or as 
voluntary contributions of work efforts. However, the magnitude of the needed attention should 
be understood, also the recognition of the need at times for some qualified consultants and/or 
contractors. 
Public Safety Features 
No formally identified public safety issues or features existed previously on the two sites or were 
added in conjunction with the BMPs. However, in areas the erosion had grown so severe that 
Prospect Hill Road had experienced undermining of the margins of its asphalt surface (repaired 
with rock fill by Town) and Weatogue Road had experienced multiple washouts (repaired by 
too-short pipes by Town) preventing drivability and significantly limiting local access by first 
responders and other urgent travel. Additionally, personal safety hazards existed in multiple 
spots where deep, steep and/or undercut gully conditions posed risk of people falling in, as well 
as risk of side-wall collapse potentially burying or crushing people. Past and future work efforts 
should always include personal protective equipment suited to the tasks and setting, and crews of 
two or more to prevent injury while alone. Given the location of all eroded areas within forested 
lands, dense vegetated buffers, and actively farmed areas, no special fencing or other feature was 
appropriate to add, though ongoing attentive observation and correction of problematic 
conditions is warranted. The BMPs installed under this project themselves mitigate multiple 
forms of public safety threats.  
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Schedule 
Much like past ad hoc site management on these two Trustees owned parcels, future O&M needs 
will fall into two categories, Routine and Non-Routine, both of which are reasonably predictable 
or foreseeable. Broken down by location, these are:  
NAUMKEAG -- 
Routine O&M -- annual by season 
• Late fall inspection (after leaves drop and before snow) to verify culverts and channels
are free of branches and litter prone to clogging; as needed, remove potential debris jam
materials
• Spring inspection (after snow melt) to verify vegetated cover appears consistent on all
gully buffers and contributing areas; as needed, seed with winter rye and/or suitable hay
or native meadow mixes
• Farming activities will require equipment access to areas along farm ditches as well as
the berm in the Jamesway area; as needed, ensure cattle are fenced out of all stream
buffers and any surface damage is revegetated via seeding or sodding (collected from
existing meadow areas)
Non-Routine O&M -- storm-driven or construction related 
• After every intense storm (estimated at greater than 2 inches over 12 hours) inspect North
and South Gully areas to identify spot erosion on banks or channel bed and/or
concentrated flow entering channel by hidden pipe or overland flow; as needed, take
corrective action or obtain consultation
• After every intense storm (as above) inspect Jamesway Barn area to identify spots where
roof runoff or wheel ruts are causing concentrated flow patterns; as needed, level off
ground and/or apply grass seed or winter rye to reinforce and stabilize ground
• After every intense storm (as above) inspect known utility crossings to identify spots
where exposure is a risk; as needed, make adjustments to cover depth by adding/moving
rocks
• Additional attention will be required whenever nearby construction activities pose new
inputs that may affect the installed BMPs
• Anticipated projects may include the proposed parking lot expansion in the Northeast
field, or repairs on any features or structures adjoining both the North and South gullies
BARTHOLOMEW’S COBBLE -- 
Routine O&M -- annual by season 
• Late fall inspection (after leaves drop and before snow) to verify culverts and channels
are free of branches and litter prone to clogging; as needed, remove potential debris jam
materials
• Spring inspection (after snow melt) to verify that check dam structures have not been
compromised by crushing branches, or erosion at bank edges, or other substantive
changes; as needed perform repairs to restore prior functional conditions
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• Road maintenance activities from routine plowing to re-crowning/grading warrant
keeping an eye on roadside or downslope effects due to inadvertent watershed
modifications; as needed coordinate with Town or obtain consultation
Non-Routine O&M -- storm-driven or construction related 
• After every intense storm (estimated at greater than 2 inches over 12 hours) inspect gully
areas easily visible from Weatogue Road and Conklin driveway to identify spot erosion
on banks or channel bed and/or concentrated flow entering channel by pipe or overland
flow; as needed, take corrective action or obtain consultation
• After every intense storm (as above) inspect bioretention areas to identify spots where
erosion or settlement may have caused flow patterns to “short circuit” the ponded cells;
as needed, apply “filter fabric soil burritos” covered with a 6” layer of soil, then seeded
with forest restoration mix or winter rye to reinforce and stabilize ground
• Additional attention will be required whenever nearby construction activities pose new
inputs that may affect the installed BMPs
• After every severe storm (estimated at greater than 4 inches over 24 hours) inspect the
entire length of all gullies; as needed, take GPS points, photos, and written notes for areas
requiring (or approaching) necessary intervention to adjust or repair BMP features (note,
this O&M task is only estimated to occur on average once in three years, and the exact
rainfall amount isn’t key—it’s just a number corresponding to a large storm capable of
generating short cloudbursts causing high periods of erosive runoff which could further
erode gullies. Trustees staff are typically very tuned into when the problematic storms
happen).
References: 
Green Infrastructure Implementation, Water Environment Federation Special Publication, 
2014. Useful summary of research by US EPA and others in multiple public stormwater 
programs around the US distilled into “percentage of construction” numbers based on empirical 
data on staff hours and O&M costs. 
The Importance of Operation and Maintenance for the Long-Term Success of Green 
Infrastructure, US EPA, 2013. Special funding under the American Recovery and Reinvestment 
Act added to the Clean Water State Revolving Fund was dedicated to this study of O&M for 
Green Infrastructure measures. 
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LOG FORM -- BEST MANAGEMENT PRACTICE (BMP) OPERATION & MAINTENANCE PLAN
Additional Notes--Routine or Non? Is action required, if so by whom and by when? Explain:
Inspector Signature:
Inspection Date:
Item Location General Condition Repair or Maintenance Required? Describe suggested work and urgency
North Gully above 
Carriage House Naumkeag
North Gully below 
Carriage House Naumkeag
Jamesway and field 
areas open channel Naumkeag
4 culvert crossings at 
road/path sites Naumkeag
Jamesway Barnyard 
and pathway areas Naumkeag
South Gully (near 
Prospect Hill Rd) Naumkeag
South Gully (vicinity 
of allee) Naumkeag
South Gully (lower 
hillslope area) Naumkeag
Stilling Basin and 
Diversion Berm Naumkeag
Sediment removal 
area in meadow Naumkeag
Conklin Raingarden 
cells and berms Bart's Cobble
Conklin Driveway 
swale and gullies Bart's Cobble
Weatogue Road 
Swales and Basins Bart's Cobble
Weatogue Road cross-
culverts/pipes Bart's Cobble
Uphill Gullies (visible 
from road) Bart's Cobble
Downhill Gullies 
(visible from road) Bart's Cobble
Uphill Gullies (full 
length inspection) Bart's Cobble
Downhill Gullies (full 
length) Bart's Cobble
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Attachment 5: Task 5 Deliverables - Summary of Outreach and Education Activities 
Outreach at both locations include installation of Mass DEP-approved signage visible from 
commonly used roads and/or trails as well as incorporation of information into public 
programming. 
Technology transfer to municipal officials, DPWs, other organizations, and the public began 
during the first meetings with Town representatives from Sheffield and Stockbridge on site during 
2015 and 2016. During 2017-2019 further detailed interactions with Town personnel involved in 
public works construction and O&M as well as administration and management highlighted the 
importance of resource constraints and lack of familiarity with BMPs using green infrastructure 
and bioengineering approaches rather than pure structural measures. Ongoing dialog elevated the 
degree of understanding and receptiveness, up to the level of implementing the most urgent 
measures under Town control. However, in both cases final implementation of measures requiring 
approved allocation of funds remains pending, though with written confirmation of intent before 
January 2020. 
The main long-term education element for Bartholomew’s Cobble and Naumkeag’s erosion and 
sedimentation issues has been addressed via the creation of a demonstration video summarizing the 
context, goals, and methods of the project. Further outreach is planned at targeted presentations at 
conferences and meetings, such as the Massachusetts Land Trust Conference (March 2020), the 
Massachusetts Ecosystem Climate Adaptation Network - Mass ECAN Conference (October 2019) 
and the Berkshire County Highway Superintendents Association meeting. 
Copies of all educational and outreach related materials are submitted in the appropriate digital 
format (some necessarily submitted as separate documents): 
• Signage (see copies below)
• Video (separately submitted to DEP)
• Posters and presentations (see below)
Posters and Presentations: 
Poster was presented at the Northeast Climate Science Center’s Regional Science Meeting: 
Incorporating Climate Science into the Management of Natural and Cultural Resources in the 
Midwest and Northeast. May 15-17, 2017 at UMASS Amherst. 
Presentation on the project, “New Solutions to Address Erosion in a Changing Climate,” was 
presented at the Massachusetts Land Conservation Conference, Worcester, MA March 25, 
2017. 
Poster was presented at the Society of Ecological Restoration (New England Chapter) 
Conference: Connecting Communities and Ecosystems in Restoration Practice. October 11-
13, 2018, Southern CT State University, New Haven, CT. 
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Figure 6: Image of poster presented at multiple conferences and meetings. 
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Figure 7: Signs for Bartholomew’s Cobble and Naumkeag: 
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Attachment 6: Task 6 Deliverables - Reporting of progress and fiscal report deliverables 
Quarterly progress and fiscal reports were completed for the grant duration on time following the 
specified schedule. A draft of the final report was submitted August 28, 2019 and the final 
submitted October 23, 2019.
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Attachment 7: 
FINAL PROJECT REPORT 
Project Summary Narrative 
MASSACHUSETTS DEPARTMENT OF ENVIRONMENTAL PROTECTION 
SECTION 319 PROJECT 17-08/319 
Project Title: Mitigation of Erosion Impacts at Bartholomew’s Cobble and Naumkeag 
NPS Category: Healthy Watersheds 
Investigator: The Trustees of Reservations 
Location:  Housatonic River Watershed 
Certified by Wendi Goldsmith, PhD 
CPESC #963, expires 12/31/2019  
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Introduction:  
The Trustees of Reservations (The Trustees)(Grantee) is a 501c3 organization that protects and 
stewards places of scenic, ecological, and cultural significance in Massachusetts. Two of The 
Trustees properties in Berkshire County have experienced similar problems involving erosion of 
sediment which then buried special habitats, with residual sediments carried directly or via 
tributaries to the Housatonic River. The scope of services for this contract included the following 
tasks and deliverables as outlined below, consistent with the Grantee’s technical proposal 
received on May 31, 2016 and as outlined in the MA DEP RFR of April 1, 2016. 
Two reservations owned and managed by The Trustees, Bartholomew’s Cobble (Sheffield) and 
Naumkeag (Stockbridge), have suffered from severe erosion and sedimentation into high quality 
wetland resources. These new problems on previously stable sites were triggered by poor 
stormwater management practices exacerbated by climate change. Increased storm intensity and 
frequency caused existing sizes and configurations of swales and pipes used to collect and convey 
water to become overwhelmed, resulting in water flowing in concentrated patterns across fragile 
soils on steep slopes. Erosion and sedimentation affect sensitive wetland habitats and state-listed 
rare species, both at the site where water cuts through land, and where it deposits the resulting 
sediments. 
Bartholomew’s Cobble is a 329-acre property along the Housatonic River and has long been 
recognized as a place of outstanding ecological value and is designated by the National Park 
Service as a National Natural Landmark. In addition to the direct impact of the increased 
sedimentation on the habitats of Bartholomew’s Cobble and its rare species, the disturbed areas 
were also prone to invasion by non-native invasive plants further impacting native species. 
Naumkeag’s 48 acres along Prospect Hill Road in Stockbridge includes the main cottage which is 
listed on the National Register of Historic Places, as well as world-renowned gardens and designed 
landscape. These features are located on a steep slope from Prospect Hill Road, down to relatively 
flat fields which include wet meadows and a calcareous fen providing habitat for rare species. 
Erosion had moved sediment into the calcareous fen (MNHESP priority natural community) within 
the field below, burying plants, altering water flow, and increasing non-native invasive plant 
species. 
At both sites, the erosion problems had been monitored, and attempts to manage them had been 
largely unsuccessful due to requiring more than basic maintenance attention. Both sites include 
Town-owned roads contributing to runoff which flows onto property of The Trustees; both had 
major gullies which have contributed sediment deposited in downstream wetland habitats; and both 
were experiencing processes that created positive feedback loops causing worsening instability and 
increasing damage through sediment release and deposition. This sediment harmed on-site habitats 
as well as flowing off-site. 
Project Goals: 
The ultimate goal has been to control sediment mobilization and deposition by implementing a 
set of preventative and restorative measures thus incrementally adding to watershed health within 
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the Housatonic River basin. Best Management Practices (BMPs) were identified, designed, and 
implemented to reduce the ongoing runoff and subsequent erosion problems that have been 
exacerbated by the change in storm frequency and intensity due to climate change at two 
properties within the Housatonic Watershed. This project restored valuable rare wetland species 
habitat and wetland habitats at both sites. This project embraced the added goal of implementing 
measures suitable for the natural landscapes in the area which are effective, yet low cost, BMPs 
that public works departments and private organizations (particularly those with limited financial 
resources) could replicate with their own staff and equipment. An additional goal has been to 
plan and scale BMPs to take into account changes in storm frequency and intensity under the 
projected future climate. 
Project Tasks: 
Task 1: Quality Assurance & Project Evaluation: Provide information to facilitate evaluation and 
reporting of project success including sediment load reduction estimates and BMP 
documentation. 
Task 2: Design and construct stormwater BMPs above and below Weatogue Road at 
Bartholomew’s Cobble. 
Task 3: Design and construct stormwater BMPs at Naumkeag. 
Task 4: Develop and implement a long-term BMP operation and maintenance plan for both 
locations. 
Task 5: Education and outreach materials produced and shared. 
Strategy: 
The strategy demanded a focus on avoiding further direct and indirect disturbance or damage to 
the highly sensitive habitats at both sites. Thus, many standard BMPs were ruled out due to 
requiring heavy equipment access in vulnerable areas. Instead, equipment usage was restricted to 
areas without special habitat linkages, and handwork-compatible measures were chosen for the 
majority of effort. The primary approach to managing erosion and sedimentation depends on 
reducing runoff and controlling it near its source through BMPs that function to provide 
infiltration, storage, evapotranspiration, and sediment filtration. This was achieved by identifying 
and addressing source control of rainfall and groundwater before it begins to channelize and 
cause erosion across the steep slopes of the individual properties. The strategy is complicated by 
the fact that above the points of gully initiation, properties were not under the ownership or 
control of The Trustees. Multiple coordination meetings, calls, emails and site visits with 
abutting landowners identified significant runoff sources suitable for BMP location related to 
source control.  
The secondary approach was to identify low-impact, high-function BMPs suited to provide 
erosion control to prevent sediment mobilization, especially within gullies. This was achieved 
initially by applying rapidly deployable short-term interim measures to effectively manage 
ongoing gully erosion during the period of time needed to apply for grants, coordinate with 
stakeholders (including those controlling the Town roads and abutting lands), develop plans with 
budgets, and implement the selected BMPs (as well as coordinating with Towns and abutters 
about the BMPs they would implement in the future, beyond those which were possible to fully 
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implement during the grant timeline). These interim measures included capping existing Town 
pipes to halt the most highly problematic discharges, as well as extending or otherwise 
modifying those pipes continuing to receive flow. In the most vulnerable and actively eroding 
gullies, check-dams configured of sandbags securing filter fabric, as well as various stone-fill 
and woody material checkdams were included, and their placement was planned to coordinate 
with future permanent measures. The permanent BMPs include upgraded versions of these in-
channel checkdams and related energy dissipation and filtration measures. 
Special Factors Incorporated into Assessment and Planning: 
-Changing Climate >> Larger Storms >> Habitat Impacts-
Land disturbance through erosion and sedimentation often results in high numbers of invasive 
plant species becoming established, especially if problem plant seeds are carried in by fill or 
treads of construction vehicles. The Trustees have observed that “nuisance” erosion, 
sedimentation, and flooding problems are on the rise affecting multiple sites in Berkshire County 
and beyond. Noting trends affected by climate change, The Trustees embarked on this project to 
anticipate, mitigate, and adapt to conditions that affect the habitat integrity and user experience, 
as well as operations/maintenance budgets on their properties. The issues at Bartholomew’s 
Cobble and Naumkeag appear at least partially related to this topic and resolving them in a 
proactive and resilient manner calls for accounting for current and future climate trends, as well 
as creative effective measures to address them. The Trustees support fostering a cooperative 
approach with local Towns and/or other parties who can also benefit from a strengthened 
understanding of addressing road corridor stormwater and similar issues, potentially including 
jointly pursuing grant funding or similar resources. 
Assumptions for hydrology and sediment loading BMPs considering future climate 
conditions: 
Predicting future precipitation patterns, and especially the scale of extreme rainfall events, is not 
currently an exact science. However, it is clearly an issue worthy of attention by The Trustees, 
affected municipalities, and the science and engineering teams they rely on. The northeast states 
have been shown to have the largest increases in extreme precipitation events compared to the 
country as a whole. The most intense 1% of all events since 1958 have increased 74% (as per 
Groisman et al, 2013), which is a striking and problematic change! Not far from the project study 
areas, relevant research into the extreme precipitation event increases in the Connecticut River 
basin has shown a staggering 240% increase over the past 60 years (Parr and Wang, 2014a). 
Considering the region as a whole, what was a 100-year event based on precipitation data from 
1950-1979 now occurs with an average return interval of 60 years based on data from 1978-1987 
(De Gaetano, 2009). No current standard has yet been developed for regionally appropriate 
datasets or stormwater analysis methods to encompass the changing climate conditions that 
continue to be understood with evolving detail. This project undertakes not the enormous task of 
developing such a methodology (which would be valuable to guide future systematically 
standardized technical assumptions), but rather to consider estimated runoff due to changing 
impacts of climate conditions at the end of the service life of common stormwater BMPs 
(considered to be 50 years in this case). The considerations that were applied with professional 
judgement to determine numerical estimated of increased rainfall and runoff fraction are detailed 
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in the next section, Simple Method Inputs. 
In order to pursue stormwater management approaches that function well in the face of such 
changes (including uncertainty and risk), it becomes more important to focus on source 
reduction, infiltration, energy dissipation, and the role of living plants and healthy soils to 
provide both durability and recovery in the face of erosion.  Plants provide critical regenerative 
and adaptive capacity as living organisms growing in ever-shifting forest communities, making 
them a highly constructive component of resilience in the face of changing climate conditions 
and other types of disturbances. One of the key focus points of BMP selection has been to 
prioritize avoiding damage to both the rare plant assemblages, and also the robust forest cover 
which contributes substantially to watershed health in various ways. BMPs chosen were varied, 
but a common theme was reducing further gully incision by placing checkdam measures capable 
of allowing sediment accumulation for self-repair, including channel bed elevation over time. 
Similar measures have been a staple of conservation practices in the semi-arid Western US for 
nearly a century with good performance over time. The Trustees began collaboration with 
officials in multiple communities to share knowledge, funds, and motivation towards wider 
awareness, acceptance, and implementation of such approaches. 
Given the limited scope of this study, qualitative observations were made about how stormwater 
Best Management Practices (BMPs) could be sited and scaled on lands owned by the Trustees as 
well as those owned by abutters. While physical opportunities existed for constructing BMPs in 
suitable watershed locations, the capacity to resolve future rainfall/runoff volumes on hilly 
terrain was constrained. Also, the abutters were only partially willing and able to construct the 
type of measures discussed. As a result, a focus on adding diverse features functioning to 
increase energy dissipation within the entire stormwater flowpath, including within already 
incised gullies, was chosen as the preferred course of action. In this way, even high volumes of 
runoff that reached existing degraded and incised gullies would exhibit lower erosive power, 
thereby reducing future erosion rates under a range of future rainfall patterns. Furthermore, 
checkdams and related structures function to trap and filter sediment carried by runoff and are 
able to facilitate aggradation of gully channels over time. Hence, even while stormwater flows 
may increase, sediment transport out of the study area can be reduced. It should be noted that 
while both reservations contain hilly terrain that is expected to generate moderate sediment 
yields, the dense forest cover keeps that sediment transport to a very low effective level. The 
main source of sediment is from the erosion of gullies themselves, which have been observed to 
generate an estimated average sediment volume of over 0.5 cubic yards of soil per linear foot of 
channel in single extreme rainstorms.  
Simple Method Inputs 
For quantitative analysis, the Simple Method was applied, though with some adaptations to 
better fit it to the combination of observed land uses and the purpose of the project. This project 
is not driven based on a “pre- vs post-development” scenario tied to changing land use patterns 
as the Simple Method was originally intended. Instead, the project goals relate to reducing 
sediment loads, improving watershed health, and enhancing physical and biological resilience 
related to actively eroding gullies on steep hillside terrain experiencing increasing precipitation 
patterns. Densely forested land and agricultural fields were classified as Agriculture, with 
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roadways and neighboring parcels falling under Open Urban Land classification. Note that in the 
case of Naumkeag, the abutter is a religious retreat facility with forests, fields, and features 
within the study area watershed similar to a Farmstead; whereas at Bart’s Cobble the abutter’s 
residence, most cover is fields, with additional outbuildings, paths, and major driveway typical 
of a Farmstead land use patterns. The Simple Method published runoff coefficient (Rv) therefore 
ranges from 0.06 (Forest/Meadow combination) to 0.28 (for Farmstead). The type of land use 
coverage impervious cover were visually estimated for both treated watersheds. 
The rainfall assumptions used in the Simple Method required careful considerations. Note that 
Parr and Wang (2014b) apply their historic analysis of Connecticut River Valley meteorological 
patterns to develop forecasts and offer the following complex (and of course uncertain) findings: 
“Our future projections indicate wetter winters including significantly greater precipitation, 
runoff, and soil moisture, decreases to spring runoff, and enhanced ET [evapotranspiration] 
for all four seasons. We also find a shift toward earlier and faster snow melting and an earlier 
date of peak discharge. Future precipitation extremes show a decreased amount compared to 
the early 21st Century, but increased when compared to our entire historic period or the late 
20th Century, as well as a consistently increasing mean intensity throughout the past and 
future. Analyses of extreme hydrologic events reveals changing characteristics of flooding 
involving increasing duration but decreasing frequency of flood events as well as a reduction 
of drought risk.” 
As several competing trends are understood to be operating in the above research summary, 
professional judgment was applied to understand moderating factors for both steep 
predominantly forested terrain sites as follows: 
• Winters will experience more precipitation and runoff, but frozen ground is less erodible
and begins with heavy leaf litter
• Spring runoff will be decreased, thus reducing a traditionally understood peak gully
erosion period
• Enhanced ET in all four seasons will promote infiltration, even on the rocky loam and
related complexes present
• Reduced drought risk tends to allow deeper layers of accumulated leaf litter and
understory growth, reducing runoff
Recognizing the emerging nature of this type of locally scaled climate projection application, and 
allowing for a range of inherent uncertainty, published annual rainfall data was modified 
upwards by 20% (following professional judgement incorporating the factors noted above) while 
the fraction of annual rainfall events that produce runoff (Pj) was reduced from a standard 
assumption of 0.9 to 0.8. Hence, inputs to the Simple Method model applied at both the 
Naumkeag and Bart’s Cobble sites started with published climate data from NOAA for Great 
Barrington of 48.63 inches of annual rainfall; this amount was adjusted upwards by 20% to 
obtain an input P value of 58.35. The Simple Method calculates annual runoff as the product of 
annual runoff volume (P) and an internally calculated runoff coefficient (Rv) according the 
equation: 
R = P * Pj * Rv 
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Runoff was therefore calculated within the model to be:  
R = 58.35 * 0.8 * [0.059 to 0.275] 
The input concentration (C) for TSS/sediment in the Simple Model was assigned a value of 0.17 
for Forest/Meadow cover and 3.34 for Farmstead cover based on the values shown in the 
following table, which is integrated into the Simple Model adopted by the State of Vermont with 
similar terrain and cover. 
Sediment loads for the watersheds receiving BMPs at both project sites were estimated using the 
Simple Method formula as follows: 
L = 0.226 * R * C * A 
Where: L = Annual load (lbs) 
R = Annual runoff (inches) 
C = Pollutant concentration (mg/l) 
A = Area (acres) 
0.226 = Unit conversion factor 
Loading Rate lbs/ac/yr 
Choose Land Use 0 
Generic agricultural land 0.89 
Pasture 2.49 
Forest 0.14 
Grassland/ Meadow/Brush 0.19 
Forest/Meadow combination 0.17 
Farmstead 3.34 
Corn-hay rotation on clay soils 2.44 
Corn-hay rotation on non-clay soils 1.27 
Continuous corn on clay soils 4.51 
Continuous corn on non-clay soils 1.36 
Continuous hay 0.92 
Wetland_Emergent 0.03 
Table: Land Use Sediment loading rates, Simple Method, State of Vermont 
Quality Assurance and Project Evaluation 
The project is covered under the Department’s 319 Programmatic Quality Assurance Project 
Plan (QAPP), FFY 2015-2020, approved by US EPA on September 8, 2015. The Simple Method 
is intended for use in assessment and design analysis for stormwater management practices in 
urban areas, as such, it is not an ideal fit for the two mainly forested and agricultural watersheds 
in the two study areas. Nor is it structured to evaluate sediment load reductions due to gully 
management when eroded gully materials are themselves the dominant source of sediment 
loading. Nevertheless, the Simple Method is a useful tool for establishing baseline functions, as 
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well as being a standard requirement of the QAPP. The Grantee and its consultant have provided 
the following information as requested by the Department to facilitate evaluation and reporting 
of project success (see full report for detailed data provided): 
• Simple Method (adapted to non-urban site conditions) modeled results of anticipated sediment
load reductions achieved by BMPs implemented under this project.
• Documentation of the BMP implementation work, including BMP type, date of completed
installation, and size of targeted treatment area; all BMPs target reduction of sediment loading
to the Housatonic River as well as other sensitive receptors on The Trustees’ properties.
• Spatial documentation of implemented BMPs on site maps.
Design and Construct Stormwater Management BMPs- Bartholomew’s Cobble 
Consistent with the proposal submitted May 31, 2016, project partners designed and installed 
BMPs above and below Weatogue Road. Much of the work depended upon cut and fill activities to 
scoop out shallow areas suitable for impounding stormwater, and all topsoils were be salvaged and 
preserved for use in finish grading. Sediment deposited below gullies was excavated where 
feasible and replaced into the gullies where it originated (a preferential treatment to avoid the 
introduction of invasive plant species that likely arrive with offsite fill). Sediments were then 
stabilized by environmentally sensitive measures largely dependent upon bioengineering practices 
supplemented with synthetic and durable construction materials.  No construction permits or 
approvals were required after coordination with representatives from the local Conservation 
Commission. 
Final “as-built” drawings of the completed BMPs indicate that not all of the originally proposed 
measures on neighboring properties were ultimately implemented, but that additional measures 
were constructed on Trustees land and along the neighbor’s right-of-way. Otherwise, the 
implemented BMPs do not differ substantially from previously submitted plans. Installed BMPs 
have been depicted using digital format photo-documentation (see final report) of site, 
construction, and completed BMPs before, during and after construction. The eight BMPs used at 
Bartholomew’s Cobble are illustrated below. 
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1. Rock Roll checkdam
2. Geogrid Checkdam
3. Brush Fascine Checkdam
4. Log Checkdam
5. Filter Fabric Grade Control Repair
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6. Riprap Checkdam
7. Steep Profile Conveyance Pipe
8. Bioretention Basin
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Deliverables required for BMP design and construction include (see full report for details): 
• Final design, maps, and construction plans for the BMPs as described and submitted for
review and comment to the MassDEP Project Officer prior to construction.
• No construction permits or approvals were deemed to be required after coordination with
representatives from local Conservation Commissions, MA Natural Heritage and Endangered
Species Program.
• Final “as-built” drawings of the completed BMPs are not applicable, as implementation does
not differ substantially from reviewed plans.
• Installed BMPs have been depicted using digital format photo-documentation of site,
construction, and completed BMPs before, during, and after construction.
Design and Construct Stormwater Management BMPs- Naumkeag 
Consistent with the proposal submitted May 31, 2016, project partners designed and installed 
BMPs below Prospect Hill Road to address source control, enhance infiltration and stabilize 
existing eroded areas including eroded gullies on Naumkeag. Some measures were implemented 
by abutting landowners, namely the Marian Fathers, with some further stormwater management 
practices also potentially to be added by the Town of Stockbridge within their road right-of-way, 
above Prospect Hill Road in the course of conducting ongoing improvements. Other proposed 
measures have been adopted as intended future enhancements in keeping with the proposed design 
recommendations, however the exact timing or commitment level are not definitive (see letter of 
support from Town of Stockbridge dated September 25, 2019). While some key areas would 
benefit very highly from suitable BMP implementation (by addressing appropriate storage and 
infiltration along existing infrastructure such as driveways), the key functions of energy dissipation 
and sediment filtration allow the suite of BMPs to perform as intended without full cooperation 
from abutters. No construction permits of approvals were deemed to be required after coordination 
with representatives from the local Conservation Commission and the Natural Resource 
Conservation Service (who contributed non-eligible in-kind technical support).  
Final “as-built” drawings of the completed BMPs indicate the originally proposed measures on the 
Trustees’ property. A diversion berm was added to address flooding affecting downhill neighbors, 
augmenting plans reviewed previously by MA DEP. Installed BMPs have been depicted using 
digital format photo-documentation of site, construction, and completed BMPs before, during, and 
after construction. The five BMPs used at Naumkeag are illustrated below: 
1. Step-pool structures created with
boulders
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2. Open channel flow via stream daylighting
3. Open channel with flood diversion berm (to left)
4. Modified existing farm drainage ditch
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5. Sediment scraped for beneficial re-use
Deliverables required for BMP design and construction include (see full report for details): 
• Final design, maps, and construction plans for the BMPs as described and submitted for
review and comment to the MassDEP Project Officer prior to construction.
• No construction permits or approvals were deemed to be required after coordination with
representatives from local Conservation Commissions, MA Natural Heritage and Endangered
Species Program, and Natural Resource Conservation Service.
• Final “as-built” drawings of the completed BMPs are not applicable, as implementation does
not differ substantially from reviewed plans.
• Installed BMPs have been depicted using digital format photo-documentation of site,
construction, and completed BMPs before, during, and after construction.
BMP Operation and Maintenance Plan 
A comprehensive Operation and Maintenance Plan (O&M) was completed. 
The O&M Plan summarizes the intent and purpose of the BMPs and highlights past maintenance 
approaches which are not appropriate to continue. Routine and Non-routine O&M activities are 
differentiated and identified, along with criteria for scheduling inspections (based on leaf fall, 
snowfall, notable storms, or farming/construction activities, etc). The O&M inspections are 
suited to be performed by existing Trustees personnel equipped with existing project base maps, 
detailed log forms specifying specific BMPs and issues to focus on, and the nature of the general 
and specific information to record. Given the typical duties of Trustees personnel, most routine 
maintenance should be possible to perform using in-house labor and equipment and basic 
supplies. Predictable maintenance such as BMPs impacted by fallen tree limbs is discussed, and 
likely can be addressed during the inspection process itself. Other more involved maintenance 
activities will require further planning, and information related to scoping and delegating such 
work is called for on the log form. An initial recommended candidate to serve as the responsible 
party for BMP O&M has been identified, and suitable replacements should be identified in the 
future as needed. Similarly, reprograming existing staff time prioritizing O&M activities and/or 
identifying dedicated funding for O&M routine and non-routine inspections and actions will 
require attention and adaptation over time under the auspices of the Trustees management team.  
No technical memorandum of recent O&M activities is applicable at this time, as measures have 
either been recently completed and not subject to ongoing inspections.  
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Outreach and Education 
Outreach at both locations include installation of Mass DEP-approved signage visible from 
commonly used roads and/or trails as well as incorporation of information into public 
programming. 
Technology transfer to municipal officials, DPWs, other organizations, and the public began 
during the first meetings with Town representatives from Sheffield and Stockbridge on site during 
2015 and 2016. During 2017-2019 further detailed interactions with Town personnel involved in 
public works construction and O&M as well as administration and management highlighted the 
importance of resource constraints and lack of familiarity with BMPs using green infrastructure 
and bioengineering approaches rather than pure structural measures. Ongoing dialog elevated the 
degree of understanding and receptiveness, up to the level of implementing the most urgent 
measures under Town control. However, in both cases final implementation of measures requiring 
approved allocation of funds remains pending, though with written confirmation of intent before 
January 2020. 
The main long-term education element for Bartholomew’s Cobble and Naumkeag’s erosion and 
sedimentation issues has been addressed via the creation of a demonstration video summarizing the 
context, goals, and methods of the project. Further outreach is planned at targeted presentations at 
conferences and meetings, such as the Massachusetts Land Trust Conference (March 2020), the 
Massachusetts Ecosystem Climate Adaptation Network - Mass ECAN Conference (October 2019) 
and the Berkshire County Highway Superintendents Association meeting. 
Specific deliverables for outreach and education include reporting summarizing outreach and 
education activities undertaken for this task as well as copies of educational and outreach related 
materials (e.g. signage, videos, posters, presentations) can be found in the full report.  
Final observations 
One of the main lessons learned from this project is that coordinating multiple stakeholders and 
identifying resources from internal budgets, external grants, and cooperating abutters happens 
more slowly than the erosion and storm damage that triggered the project. Having originally 
perceived the gully issues on both sites as having resulted from “acts of God” or exceptional 
rainfall events, it became clear that repeat intense storms continued to destabilize the gullies and 
exacerbate damage. No sooner had we identified the priorities, implemented interim stabilizing 
measures, and characterized the scale of long-term BMPs needed, then further weather impacts 
would strike, demanding adjustment of the plan. These issues have not been traditional 
budgetary items, or routine inspection and maintenance habits. In essence, the future does not 
resemble the past in terms of erosion and related damage. This message is important to carry 
throughout the Trustees’ portfolio of properties, as well as to municipalities (especially smaller 
and less well-equipped towns) to realize the need to anticipate and act swiftly to address 
problems before they become cost-prohibitive. We appreciate the flexibility of all collaborators 
including the DEP for working with us as we adjusted our work plan.  
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 Attachment 8: Continuing letter of support from Town of Stockbridge
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Attachment 9: Continuing letter of support from the Town of Sheffield. 
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